Abstract. Reflectance confocal microscopy (RCM) represents a noninvasive imaging technique that has previously been used for characterization of mycosis fungoides (MF) in a pilot study. We aimed to test the applicability of RCM for diagnosis and differential diagnosis of MF in a clinical study. A total of 39 test sites of 15 patients with a biopsy-proven diagnosis of either MF, parapsoriasis, Sézary syndrome, or lymphomatoid papulosis were analyzed for presence and absence of RCM features of MF. Cochran and Chi 2 analysis were applied to test the concordance between investigators and the distribution of RCM features, respectively. For selected parameters, the Cochran analysis showed good concordance between investigators. Inter-observer reproducibility was highest for junctional atypical lymphocytes, architectural disarray, and spongiosis. Similarly, Chi 2 analysis demonstrated that selected features were present at particularly high frequency in individual skin diseases, with values ranging from 73% to 100% of all examined cases.
Mycosis fungoides (MF) represents the most common of cutaneous T-cell lymphomas, constituting 44% 1 of all diagnoses. Routinely, a classification is obtained on histological, molecular genetics, and immune-phenotypic grounds, 2 yet differential diagnosis is broad, including a number of eczematous skin conditions, psoriasis, or parapsoriasis. In addition, there is an inherent heterogeneity of MF lesions, often expressing subtle histological features that mimic those of other inflammatory or neoplastic skin conditions. Previous studies have reassessed the diagnostic impact of histological parameters of MF, whereby it was shown that only selected features ultimately play a role in the differential diagnosis of MF. While one study has attributed a distinctive role to the presence of haloed lymphocytes as the most characteristic feature, 3 others have suggested a combination of criteria such as epidermotropism, band-like or patchy inflammatory infiltrate along the dermo-epidermal junction (DEJ), and the presence of papillary dermal fibrosis as most likely to detect early lesions of MF on routine histology. 4 Pautrier's microabcesses are regarded as a specific finding of MF; however, they are only present in a minority of cases, [3] [4] [5] and mostly in more advanced lesions of plaque-stage MF.
A discrete clinical aspect of early patch-stage MF, together with inconclusive histological findings often prompt multiple sequential biopsies to establish diagnosis, often delaying the initiation of appropriate therapeutic management for years or decades. Beside the difficulties of obtaining MF diagnosis in early stages, heterogeneity of MF lesions seems to play a major role. In a study by Massone et al. two or more biopsies of different MF lesions were performed at different body sites at the same day, revealing different histopathologic aspects. 4 Therefore, the selection of the biopsy site is crucial to avoid sampling errors and establish accurate diagnosis. 6 In that regard, it was suggested that noninvasive imaging prior to excision may aid in the selection of biopsy sites and decrease the number of false-negative test results. Reflectance confocal microscopy has previously been used for noninvasive characterization of MF in a pilot study by Agero et al. (2007) , whereby RCM features of MF were described in correlation with routine histology. 7 Good correlations were found between the presence of atypical lymphocytes in epidermal, junctional or dermal distribution, Pautrier's microabcesses, and dermal features such as blood vessel dilation and fibrosis. However, data on their clinical applicability and diagnostic reliability is currently lacking.
This study was designed to study the diagnostic applicability of RCM for cutaneous T-cell lymphoma. By basing our observations on those RCM parameters first published by Agero et al. for the characterization of MF, we set out to test their reproducibility, consistency, and distribution in a clinical study using blinded image analysis followed by a sensitivity/specificity analysis for all relevant parameters.
Materials and Methods

Participants
Fifteen (n ¼ 15) patients with a biopsy-proven diagnosis of either MF (n ¼ 10), parapsoriasis en petite plaque (n ¼ 3), Sézary syndrome (n ¼ 1), or lymphomatoid papulosis (LYP Type A, n ¼ 3) were enrolled in this study. Two patients had both MF and lymphomatoid papulosis. One or more test sites were evaluated in each patient and, following clinical and RCM evaluation and the analysis of nine normal skin sites, acted as controls. Therefore, a total of 39 test sites were included in the final analysis. The research protocol was approved by the Charité University Hospital Subcommittee on Human Studies, at the Institutional Review Board. Subjects with a history of significant other erythrosquamous skin disease, including psoriasis or eczema, were excluded from the protocol. Consent was obtained prior to enrollment and all clinical investigation was conducted according to the Declaration of Helsinki Principles.
Evaluation Protocol
In vivo RCM evaluation
A commercially available in-vivo RCM device (Vivascope® 1500, Lucid-Tech Inc., Henrietta, NY; Mavig GmbH Munich, Germany) was used for imaging. A detailed description of this technique and the device used has previously been published. [8] [9] [10] RCM evaluation was performed at lesional skin as well as clinically noninvolved corresponding skin sites. If site-matched contralateral control skin sites were unavailable, the closest unaffected skin in the surrounding area was selected for imaging.
Each skin site was systematically evaluated by RCM: a systematic horizontal mapping (4 × 4 mm to 8 × 8 mm) was performed at the granular and spinous layers, at the DEJ, and at the level of the superficial dermis using the Vivablock® function. Furthermore, vertical mapping using Vivastack® function was performed in 5-μm steps to a maximum depth of 200 μm beginning with the stratum corneum, through the entire epidermis, and into the upper reticular dermis. At areas of special interest individual images were captured during the imaging process. The sites were evaluated with regard to the presence or absence of diagnostic RCM criteria for MF, 7 and a score of 0 or 1 was assigned to each parameter.
Blinded scoring.-Two assessors (INV I þ II) were blinded to participant name, age, sex, and suspected diagnosis and were randomly given images for assessment. Before scoring, the assessors were instructed in the interpretation of RCM images by the primary investigator using a training set with representative images of each individual RCM parameter. For each patient, three to four images of each layer, as well as complete Vivablocks® and Vivastacks®, were selected by the primary investigator for blinded assessment. Thereby a score of either absent (−) or present (þ) was assigned to each individual parameter using a scoring sheet and including all parameters listed in Table 1 .
Statistical Analysis
Concordance between different evaluators was determined using the Cochran test. Data from the primary investigator, as well as two blinded observers, were included in the analysis. With respect to this study, the null hypothesis (H 0 ) assumes that two observers would come to a similar diagnosis, such that p-values >0.05 indicate that H 0 cannot be rejected, thereby indicating homogeneity between investigators with respect to the selected parameter. On the other hand, p-values <0.05 indicate that H 0 can be rejected, whereby no relevant inter-observer concordance may be demonstrated for the selected parameter. CHI 2 test was performed to analyze the distribution of RCM features in selected skin diseases (MF, parapsoriasis, lymphomatoid papulosis, Sézary Syndrom) and normal skin, respectively. Analysis was made for each individual RCM parameter and each investigator. For this analysis, H 0 assumes that all parameters are distributed evenly between different skin diseases. Level of significance was set at p < 0.05, whereby the H 0 can be rejected, indicating that the selected feature is not evenly distributed. Data were expressed for all RCM parameters.
Sensitivity and specificity analysis was performed using crosstabs; only data from blinded evaluations (INV I þ II) were included in the analysis. Data were expressed as % with respective p-values from Pearson Chi-Square test; level of significance was set at p < 0.05.
All data analysis was performed using a SPSS statistical software package for Windows (SPSS Inc., Chicago, Illinois).
Results
Following clinical and RCM evaluation, 15 patients with a total number of 39 test sites were included in the final analysis. Correct diagnosis of MF by blinded images analysis through the two independent observers was obtained in 84% and 90% of cases, respectively. A total number of five lesions were misdiagnosed, whereby four cases were misclassified as parapsoriasis and one case as normal skin.
Concordance Analysis
The Cochran Test included RCM scorings from the primary investigator and two blinded investigators. For selected parameters, the Cochran homogeneity analysis showed concordance between investigators (Table 2) . Parameters with significant inter-observer reproducibility included junctional atypical lymphocytes ( Fig. 1 ), architectural disarray ( Fig. 2) , spongiosis ( Fig. 3 ), hyporefractile papillae (Fig. 4) , and blood vessel dilatation, with p-values ranging from 0.867 to 0.156, respectively. Similarly, epidermal atypical lymphocytes, loss of demarcation and dendritic cells demonstrated homogeneitiy between investigators, with p-values from 0.156 to 0.069 in our analysis. Interestingly, for characteristic features such as vesicle-like structures (VES) (Fig. 5) and other features such as fibrosis, dermal atypical lymphocytes, and keratinocytes with elongated nuclei, no concordance between investigators was found ( Table 2 ).
Distribution of RCM Parameters
Chi 2 analysis was performed following blinded image analysis by two independent investigators, blinded to diagnosis, name, age, and sex. The results demonstrated that selected features were present at particularly high frequency in individual skin diseases, with values ranging from 73 to 100% of all examined cases. It was shown that selected features are particularly frequent in MF, including spongiosis (94.7%), loss of demarcation (94.7%), and epidermal disarray (89.5%) ( Table 3) .
At the same time, however, other diagnoses such as Sezary Syndrome or lymphomatoid papulosis also show high prevalence of these features (Table 3) , with frequencies reaching 100% for spongiosis, loss of demarcation, and epidermal disarray.
Both blinded investigators (INV I þ II) showed comparable scores for features of spongiosis, loss of demarcation, disruption of the epidermal architecture, the presence of hyporefractile papillae, and epidermal atypical lymphocytes (Table 3) . Lower, yet still comparable scores were found for keratinocytes with elongated nuclei, dendritic cells, and hole-like perforations. Interestingly, a marked difference between the two investigators was noted for the feature of vesicle-like structures (VES), whereby the respective values were 73.3% (INV I) and 52.6% (INV II).
Sensitivity/Specificity Analysis
Analysis was made following blinded image analysis by two investigators in correlation with the gold standard, routine histology, and in comparison with normal skin. Data from both investigators showed comparable rankings for selected parameters. Representative sensitivity/specificity data from INV I 
Discussion
The goal of this investigation was to re-evaluate the role of RCM in the analysis of cutaneous lymphoma. Based on diagnostic RCM criteria for MF that had previously been published, 7 we aimed to test their reproducibility, consistency, and distribution in a clinical study. Moreover, a sensitivity/specificity analysis was performed for those parameters that showed a high concordance in the initial evaluations.
While our findings are consistent with those previously reported, they also show that excellent or good inter-observer reproducibility may only be observed for selected parameters. At the same time, the findings indicate that a broad clinical differential diagnosis must be considered when diagnostic RCM parameters are to be determined. This applies in particular to the RCM feature of spongiosis, which is the key feature of acute eczema and is present in a large variety of other inflammatory or proliferative skin disorders. In this study, spongiosis showed highest diagnostic sensitivity/specificity values, but regarding the large differential more parameters need to be considered. In that respect, a diagnosis of MF may only be made based on an integration of different RCM features, similar to routine histological evaluation. In that regard, it may be noted that other features such as loss of demarcation or the presence of epidermal disarray have not been described for acute contact dermatitis, [11] [12] [13] [14] such that their presence may aid in the noninvasive diagnosis of MF based on RCM criteria. Since this study did not include cases of eczema, this important aspect will need to be the subject of a separate analysis. 15, 16 A previous study by Ardigò et al. on the description of RCM findings of discoid lupus suggested the morphologic findings of epidermal disarray and ill-defined cell demarcation as being a variant of spongiosis. 17 While this feature lacks an unequivocal description, there is evidence that this aspect may be comparable to features observed in MF, namely "loss of demarcation," "hole-like perforations," and "epidermal disarray."
The term atypical lymphocytes has been used in this publication, as has been suggested by previous authors correlating RCM features of MF with those established by routine histology. [3] [4] [5] Since RCM does not allow the visualization of nuclear atypia, the authors suggest a more descriptive terminology. Technical limitations of current RCM technology do not permit an accurate assessment of cell body-to-nuclei ratio, or specify other criteria of cellular atypia. Hence the term "bright roundish and large pleomorphic cells" may be used for description of what most likely corresponds to atypical lymphocytes in routine histology and that is consistent with the suggestion of a previous publication on the RCM evaluation of erythrosquamous skin diseases including MF. 18 Those features previously described as loss of demarcation/ presence of epidermal disarray are more difficult to discern from mere spongiosis, since they do not actually have a histological correlate. Interestingly, in cases of contact dermatitis, the cell-tocell demarcation is rather accentuated by the presence of intercellular edema, which increases refractility on RCM images. This obviously excludes areas of mere vesicle formation/vesiculation where local fluid accumulation leads to the distension of intercellular cohesion. The authors assume that these features may be different aspects on a continuous spectrum from mild spongiosis to progressive distension of keratinocytes with actual disruption of epidermal architecture.
Despite the heterogeneity of different studies, most authors agree on the fact that the presence of Pautriers microabcesses is -if very characteristic-only present in approximately 19% to 37% of examined cases of MF, such that their absence does not necessarily indicate absence of disease. [3] [4] [5] In our study, we found that vesicle-like structures were present in 52% to 73% of all cases of MF (with no relevant inter-observer concordance, however). This may be attributed to the fact that differentiation between marked spongiosis and initial formation of Pautrier's microabcesses may be difficult to obtain by RCM evaluation. In this regard it can be explained that one observer defined this finding as spongiosis, whereas the other interpreted it as Pautrier's microabcesses. For other features such as "hole-like perforations," "loss of demarcation," and "epidermal disarray," an exact distinction may be difficult to obtain due to the absence of specific descriptors.
There are several limitations to this study, the major one being the exclusion of cases of eczema, which may also be indistinguishable by histological analysis and thus poses a considerable challenge in the differential diagnosis. At the same time, this study is limited by the small sample size, narrowing the overall value of our results to those of a preliminary study. Technical limitations include limited resolution at deeper layers, which may contribute to the lack of reproducibility of respective dermal RCM features such as fibrosis, atypical dermal lymphocytes, and blood vessel dilatation. These findings confirm those of a previous study by Pellacani et al., which also reported decreasing reproducibility for RCM features for melanocytic skin lesions at deeper anatomic skin levels. 19 Moreover, reduced reproducibility of selected features had been attributed to a possibly insufficient description of RCM features. With respect to this study, this may particularly apply to the features "hole-like perforations" and "keratinocyte elongation of nuclei."
Finally, costs for acquisition of the device and time for training need to be taken into consideration.
In summary, our findings are somewhat confirmatory of previous reports on the reproducibility of histopathological findings in MF and were also consistent with previously described RCM Table 4 Results of sensitivity/specificity analysis for RCM parameters are shown. 
